The objectives of the following paper are twofold. First, geographic, geomorphic, hydrologic, and statistical techniques are combined to produce a probabilistic method of characterizing planimetric channel instability. Second, a brief case study of Rillito Creek near Tucson, Arizona, provides a demonstration of probabilistic method of erosion damage assessment and reveals some geographic aspects of fluvial processes in a semiarid area.
METHOD OF SPATIAL ANALYSIS
A probabilistic analysis of future channel locations logically begins with an analysis of past locations. Historical maps, aerial photographs, and engineering surveys provide data on channel locations, but when these locations are plotted on a topographic base map, their overlapping courses provide a confusing picture. Analysis is simplified if the basic maps are converted to cells of a standard size and shape. In the present study these cells are squares 100 m (328 ft) on a side, but they could also be triangles, hexagons, or rectangles. Each cell can be designated as "channel" or "nonchannel" for any particular time period, with erosion of a cell indicated by a change from nonchannel to channel. Deposition or channel filling is indicated by a reverse change, but it is not addressed in this study.
There are three important advantages of using a map of cells' statistical properties, related published research, and ease of computerization. In a map of cells, each individual cell has a unique set of statistical properties based on its location.
Its absolute location can be evaluated as a distance east and north of an arbitrary initial cell with the distance expressed in some standard unit of measure or simply as a number of cells. Relative distances can be similarly expressed, for example, a distance in number of cells to the nearest cell with a channel.
Absolute and relative distances, combined with specific orientations such as lateral or upstream with respect to existing channels, are basic inputs in any spatial analysis of the nearchannel system.
A second advantage in the use of cellular maps is that the distances from a given cell to a point of interest and a value for the given cell (a value representing probability of erosion, for example) are susceptible to analysis similar to that known as spatial autocorrelation (reviewed by Cliff The concepts of spatial autocorrelation flow from the basic assumption of geographic analysis that is also the basis of the present study: There is a systematic (usually exponential) cline in neighboring influence as distance increases. Applications of this concept of "potential" in the social sciences have some promise, but problems occasionally arise because of unsound theoretical support [-Sheppard, 1979] . Applications in fluvial theory development have proven useful for analysis of dispersion of pollutants [-Glooer, 1964 ] and the spatial development of arroyos [Graf 1982] .
A third major advantage of the cellular maps is ease of conversion to computerized analysis. Multidimensional matrix programming can convert the cartographic map to a mathematical map, with each cell represented by an ordered pair (x, y) representing the absolute cell location measured from an arbitrary initial cell. Relative distances to specified points of interest such as channels and particular values such as probability of erosion or property values can then be attached to the ordered pair and the cell that the pair represents.
A review of the fluvial geomorphic literature (see Gregory ['1977 ] for a recent example) suggests that the probability that any limited section of the near-channel surface (such as a cell) will be eroded during a particular time period is dependent on its location with respect to the active channel and the magnitudes and frequencies of floods during the period in question. Location of each cell with respect to the active channel is most important in the lateral and upstream directions, as in the case of a meander being located upstream from a cell (Figure 1 ). The magnitudes of the annual floods during the period of interest (empirical if a past observed period or simulated if a future predicted period) can be assessed by the sum of their recurrence intervals. Therefore the probability that a given cell will be eroded by the channel in a limited time period is Pi,j = f(d,, du, t=•,r)
where Pi.j is the probability of erosion (0 _< Pi.j _< 1), for a given cell located at coordinates i, j; f is a function; d• is the distance laterally across the floodplain from the cell to the nearest active channel cell; d. is the distance upstream along the floodplain to the nearest active channel; r is the return interval of a peak annual flood, t is a year, and n is the number of years in the period of interest. The appropriate form for function f is probably a multiple power function because in previous fluvial research distance terms have been shown to be related to magnitudes by power functions (summarized by Leopold et al. [1964] ). Fluvial process and discharge measures are also commonly related by power functions, so that the likely form of (1) 1 ). Data sources given in Table 2. the period between the dates of the two maps, tally the number of cells for each row/column (see Table 1 1 ). Data sources given in Table 2 . Table 2. number of cells at each row/column intersection into the number that were eroded to determine the observed probability of erosion (Pi,j). 1904, 1907, 1912, 1918, 1919, 1930, 1937, 1941, 1946, 1948, 1949, 1950, 1953, 1954, 1959, 1960, 1965, 1967, 1971, 1972, 1979 
RESULTS
Transition matrices similar to the one shown in Table 1 provided data for the empirical definition of the constants in Table 2 indicate the expected distance decay: the probability of erosion of a cell declines when distance from the channel increases (indicated by negative ex- When long-term predictions are generated, the probabilistic method outlined above is based on simulations utilizing random numbers compared to given probabilities to generate a series of flood events. Therefore the exact course of events in changing channel locations is not a primary product of the method. The most stable product is probably the number of cells lost rather than the 1ocational identity of those cells.
Finally, the method outlined above is designed to accommodate the continually eroding condition along Rillito Creek. When a cell adjacent to the existing channel is eroded, no concommitant deposition is predicted for the opposite bank, and the channel widens. Deposition associated with erosion and prediction of migration of a channel of constant width are not features of this method.
CONCLUSIONS
The practical planning implication of a probabilistic approach to predicting channel migration and erosion is that it permits the economic assessment of potential losses under no project conditions that heretofore could not be assessed. In summary, deductive approaches to river channel behavior can be supplemented by probabilistic analyses that rely on grid cell maps of the near-channel landscape. The most important advantage of the grid cell map is that it can be used to reflect channel migration and erosion through empirical functions summarizing the past observed behavior of the channel. Geographic analysis of the likelihood that a given parcel of land will experience erosion is based on the fundamental concept of distance decay away from a neighboring channel and the magnitude/frequency of flood events. Assuming that system operation possesses stationarity, the functions can be used to extend past experience to predict probable future behavior. Probabilistic approaches given here do not replace deterministic geomorphologic, hydrologic, or engineering functions that describe physical channel processes: they add a better understanding of the geographic processes of changing channel locations.
